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The lateral diffusion of BKCa channels was previously shown to be highly ‘conﬁned’ in the COS-7 cell
membrane. Here we report that the diffusion coefﬁcient and the conﬁnement area of BKCa channel
were signiﬁcantly increased by the treatment of latrunculin A, an actin-depolymerizing agent, but
not by microtubule disruption. Site-directed mutational analyses further demonstrated that a single
leucine residue in the C-terminal actin-binding motif was critical for the aforementioned effects of
latrunculin A. We conclude that some BKCa channels are directly associated with actin ﬁlaments and
their lateral mobility can be restricted by the cytoskeletal components.
 2011 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction tethering to ﬁxed or relatively immobile skeletal elements, multi-As sensors for membrane voltage and intracellular Ca2+ that link
cell excitability, signaling, and metabolism, large-conductance
calcium-activated potassium channels (BKCa channels, also known
as BK or Maxi-K channels) play an important role in modulating a
number of physiological processes [1,2]. These channels are assem-
bled as homotetramers of the pore-forming a subunit, or Slowpoke
(Slo, KCa1.1 or KCNMA1), or as hetero-octamers of a and auxiliary b
subunits [3]. Because the functional roles of BKCa channels are
related to their speciﬁc localization to certain cellular and subcel-
lular regions [4], it is critical to probe individual BKCa channels
within the cells of interest and to trace their movement at high
spatiotemporal resolution. In our previous study, we visualized
single BKCa channels in live cells using speciﬁc labeling with quan-
tum dots (QDs) and monitored their movement in real time [5]. By
tracking hundreds of channels, we were able to show that the
channels expressed in COS-7 cells exhibited conﬁned diffusion in
an area of 1.915 lm2, with an initial diffusion coefﬁcient (Dinit) of
0.033 lm2/s.
Conﬁned diffusion of membrane proteins can result from a
number of distinct physical mechanisms, such as physical barriers,chemical Societies. Published by E
Gwangju Institute of Science
Buk-gu, Gwangju 500-712,molecular complexation, and percolation in highly crowded media
[6,7]. Cytoskeletal components also can restrict the lateral move-
ment of transmembrane proteins [8]. The channel proteins are also
found to be anchored in the cell membrane by direct or indirect
associations with the cytoskeleton [9–11].
In this study, we investigated the role of the cytoskeleton on
the membrane dynamics of BKCa channels expressed in COS-7
cells. Using the QD-based single-particle tracking method, we
examined the effects of two major cytoskeletal components,
microtubule and ﬁlamentous actin (F-actin), on the diffusion
characteristics of the channel. The mobility of some but not all
BKCa channels were signiﬁcantly increased upon pharmacological
depolymerization of the actin ﬁlaments. Mutational analysis
showed that a single amino-acid residue located in the ‘actin-
binding domain’, previously identiﬁed to be critical for surface
expression of the channel [11], was responsible for such mobiliza-
tion. Thus, the direct interaction between BKCa channels and cyto-
skeletal actin ﬁlaments seems to be critical for restricting the
lateral mobility of the channels.
2. Materials and methods
2.1. Cell culture, mutagenesis, and channel expression
COS-7 cells were maintained in 5% CO2 at 37 C in DMEM (Ther-
mo, Waltham, MA) supplemented with 10% fetal bovine serumlsevier B.V. All rights reserved.
2324 S. Won et al. / FEBS Letters 585 (2011) 2323–2330(Thermo) and 1% antibiotic–antimyotic (Gibco-RRL, Carlsbad, CA).
For live imaging, cells were plated onto 18 mm coverslips coated
with 0.05 mg/ml poly-D-lysine (Sigma–Aldrich, St. Louis, MO) at a
density of 1.5  104 cells per coverslip. The a-subunit of the rat
BKCa channel or rSlo (GenBank Accession No. AF135265) was
tagged at its N-terminus with the acceptor peptide, as previously
reported [12]. Two point mutants, AP-rSlo-L1048A and AP-rSlo-
D1050A/L1053A, were generated using the QuickChange site-
directed mutagenesis kit (Stratagene, USA). The cDNA of each
mutant construct containing the N-terminal AP-tag was subcloned
into a mammalian expression vector, pcDNA3.1(+).
2.2. Electrophysiological recordings and data analysis
All macroscopic current recordings were performed using the
gigaohm-seal patch-clamp method in an inside-out conﬁguration.
Patch pipettes were fabricated from borosilicate glass (WPI, Sara-
sota, FL) and ﬁre-polished to a resistance of 4–5 MO. The channel
currents were ampliﬁed using an Axopatch 200B ampliﬁer (Axon
Instruments, Foster City, CA) low-pass ﬁltered at 1 or 2 kHz using
a four-pole Bessel ﬁlter, and digitized using a Digidata 1200A appa-
ratus (Axon Instruments). The macroscopic currents of expressed
channels were activated by voltage-clamp pulses delivered from
a holding potential of 100 mV to reach membrane potentials
ranging 80 to 200 mV in 10 mV increments. The pipette and
extracellular solutions contained the following components:
116 mM KOH, 4 mM KCl, 10 mM HEPES, and 5 mM EGTA at pH 7.2.
To obtain the precise free concentration of intracellular Ca2+
([Ca2+]i), the appropriate amount of total Ca2+ to be added to the
intracellular solution was calculated using MaxChelator software
[13] (http://www.standford.edu/cpatton/maxc.html). The pH
was adjusted to 7.2 with 2-(N-morpholino)ethanesulfonic acid.
To compare the channel characteristics accurately, an identical
set of intracellular solutions was used throughout the experiments.
Commercial software packages, including Clampex 8.0 (Axon
Instruments) and Origin 6.1 (OriginLab Corp., Northampton, MA),
were used for acquisition and analysis of macroscopic recording
data. All data are presented as the mean ± standard error of the
mean (S.E.M.), where n indicates the number of independent
experiments.
2.3. Quantum dots labeling
For transient expression, COS-7 cells were plated onto 18 mm
coverslips (Marienfeld, Lauda-Königshofen, Germany) coated with
0.05 mg/ml poly-D-lysine (Sigma–Aldrich). The plasmid harboring
rSlo cDNA was cotransfected into COS-7 cells with a plasmid har-
boring pDisplay BirA-ER (the gene for E. coli biotin ligase modiﬁed
to be retained in the ER) at a 3:1 ratio using LipofectamineTM 2000
(Invitrogen). Forty-eight hours after transfection, cells on cover-
slips were washed carefully with Tyrode solution [119 mM NaCl,
2.5 mM KCl, 2 mM CaCl2, 2 mM MgCl2, 25 mM HEPES, and
30 mM glucose, pH 7.4. The cells were incubated with 0.5 nM
streptavidin-conjugated QD605 (Invitrogen) in Tyrode for 10 min
at room temperature (RT), and then were washed three times with
Tyrode.
2.4. Analysis of channel movements
All images were analyzed using MetaMorph software. Images of
BKCa channels labeled with QD605 were converted into stack mo-
vie ﬁles. Changes in the X–Y coordinates of dots were tracked over
time using imaging software. Mean square displacement (MSD)
values were obtained over 150 sequential frames, or every
100 ms, and were plotted against time. The MSD values of individ-
ual dots were obtained using the equation:MSDðnDtÞ ¼ 1
N  n
XNn
i¼1
ðxiþn  x1Þ2 þ ðyiþn  y1Þ2
h i
,where xi and yi are positions on frame i, N is the total number of
frames, Dt is the time between frames, and nDt is the time interval
over which the MSD is calculated.
The instantaneous diffusion coefﬁcient Dinst was calculated by
ﬁtting the slope of each MSD curve in every 1.0 s interval of the to-
tal 15 s plot using the following equation:
lim
t!0
MSDðDtÞ ¼ 4DinstDt
The initial diffusion coefﬁcient, Dinit, was obtained by ﬁtting the ini-
tial slope of each MSD curve in the ﬁrst 1.0 s of the plot [14].
When the change in MSD is ﬁtted against time, a linear relation-
ship indicates random Brownian movement while a non-linear
relationship reﬂects conﬁned or directed diffusion. A decreasing
slope indicates conﬁned diffusion, while an increasing slope indi-
cates directed diffusion.
3. Results
3.1. Differential effects of cytoskeletal disruption on channel
movement
Weinitially examinedwhetherBKCa channels are associatedwith
the cytoskeleton in COS-7 cells. The a subunit of rat BKCa channel
(rSlo) was tagged with the acceptor peptide (AP) (15-amino-acids,
GLNDIFEAQKIEWHE) at its extracellular N-terminus. The AP-tagged
rSlo (AP-rSlo) and the E. coli biotin ligasewith ER retention sequence
(BirA-ER) were co-expressed in COS-7 cells, as described previously
[5]. The lysine residue (K, underlined) in AP peptidewas biotinylated
and the biotin-conjugated rSlo channels were expressed onto the
cell surface. AP-rSlo were labeled using streptavidin-coated QDs
(QD:rSlo) and then stained for microtubule or F-actin. Some, but
not all, of the QD-labeled rSlo channels appeared to be colocalized
withmicrotubules (Fig. S1-A) or actin ﬁlaments (Fig. S1-B). These re-
sults imply that some BKCa channels may be associated with the
cytoskeleton, and that their lateral movement in the membrane
can be restricted by these cellular components.
Next, the effects of cytoskeletal components on the membrane
dynamics of the BKCa channel was investigated by pharmacologi-
cally disrupting the cytoskeleton. COS-7 cells were co-transfected
with AP-rSlo and BirA-ER, and incubated for 48 h. The cells were
then treated with 10 lM nocodazole or 3 lM latrunculin A for an
hour, respectively, under which the microtubules or actin ﬁlaments
were speciﬁcally disrupted (Fig. S2). QDs were added and the indi-
vidual QD-labeled rSlo channels were tracked at 100 ms time-inter-
vals over 15 s (Movie S1–3). Trajectories of four different QD-
labeled channels are shown for cells treated with vehicle (0.3%
DMSO), nocodazole, or latrunculin A (Fig. 1). In the case of vehi-
cle-treated cells, QD-labeled channels showed a homogeneous
and highly conﬁned diffusion (Fig. 1, left column) similar to those
of untreated cells in a previous report [5]. Treatment with nocodaz-
ole (10 lM) did not signiﬁcantly affect the movement of most dots
(Fig. 1, center columns, ﬁlled arrowheads). A small number of QD-la-
beled channels moved in slightly wider areas (Fig. 1, center column,
empty arrowhead). However, movement of the QD-labeled rSlo
channels were signiﬁcantly altered by treatment with latrunculin
A (3 lM). The pattern of movements became heterogeneous: some
dots moved similar to those in vehicle-treated cells (Fig. 1, right col-
umns, ﬁlled arrowhead) but others moved around in a much wider
area (Fig. 1, right columns, empty arrowhead). These results indicate
that the membrane dynamics of the BKCa channel are inﬂuenced by
cytoskeletal components and that the actin ﬁlaments may restrict
the lateral diffusion of the channel proteins in the membrane.
Fig. 1. Effects of cytoskeletal disruption on the movement of QD-labeled BKCa channels in live COS-7 cells. Fluorescence images of QD-labeled AP-rSlo channels expressed in
COS-7 cells are shown at different time points (0, 5, 10, 15 s) for cells treated with vehicle or DMSO (left column), nocodazole (center column), or latrunculin A (right column).
Time-lapse trajectories of four different dots (arrowheads) are superimposed (green). Quantum dots moving over a signiﬁcantly wider area are highlighted (empty
arrowheads).
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The membrane dynamics of individual channels were quantita-
tively analyzed in two different criteria: time-dependent displace-
ment and displacement at a ﬁxed time-interval. Diffusion
characteristics were evaluated by plotting MSD as a function of
time for 300 QD-labeled channels of vehicle-(black), nocodazole-
(blue), and latrunculin A-treated cells (red, Fig. 2A). All three graphs
showed sublinear relationships, indicating ‘conﬁned diffusion’.
However, the asymptote representing the conﬁnement area was
speciﬁcally increased in latrunculin A-treated cells (Table S1).
While the conﬁnement area was increased slightly by nocodazole
from 1.587 lm2 (Fig. 2A, black) to 1.702 lm2 (Fig. 2A, blue), latrun-
culin A increased the area by 70% to 2.698 lm2 (Fig. 2A, red). The
initial diffusion coefﬁcients (Dinit) of the ﬁrst one second in each
MSD plot were also estimated as 0.039 lm2/s for vehicle-,
0.052 lm2/s for nocodazole-, and 0.094 lm2/s for latrunculin A-
treated cells, respectively. Thus, Dinit value was increased 1.33-fold
by nocodazole and 2.41-fold by latrunculin A. These results dem-
onstrate that disruption of the actin ﬁlament increases the mobility
and diffusion area, and suggest that the diffusion barriers of BKCa
channels are inﬂuenced speciﬁcally by the ﬁlamentous actin.
The distributions of the MSD values of 300 QD-labeled rSlo
channels at 15 s were plotted for three different conditions
(Fig. 2B). In vehicle-treated cells, the MSD histogram was ﬁtted
well with a sum of two Gaussian functions, with maxima at
0.624 lm2/s (44.7%) and 1.837 lm2/s (55.3%), indicating two dom-inant populations of channel movements (Fig. 2B, top panel, Table
S1). Two populations were also observed in the MSD vs. time plot
of nocodazole-treated cells, with maxima at 0.703 lm2/s (55.9%)
and 2.010 lm2/s (44.1%) (Fig. 2B, middle panel). However, the
MSD distribution of QD-labeled rSlo channels in latrunculin A-trea-
ted cells could not be ﬁtted reasonably with two Gaussian
functions. Moreover, a new and faster population of movements
was apparent in these cells (Fig. 2B, bottom panel). When ﬁtted
with three different Gaussian functions, peaks were found at
0.839 lm2/s (39.2%), 2.129 lm2/s (33.0%), and 4.089 lm2/s
(27.7%). This result indicates that a signiﬁcant portion of the
slow-moving channel populations were mobilized upon actin
ﬁlament disruption (Table S1).
Since more than a single population of movements was ob-
served for QD-labeled rSlo channel in COS-7 cells (Table S1), the
diffusion characteristics of each subpopulation were examined by
tracking the time-dependent changes in Dinst values. In Fig. 2C, Dinst
values were obtained every second for each peak in the MSD histo-
grams and plotted against time. In the case of vehicle-treated cells,
two different populations started at Dinst values of 0.050 (blue line)
and 0.028 lm2/s (black line) and gradually approached 0 and
0.004 lm2/s, respectively (Fig. 2C, top panel). This result indicates
that the movements of both populations became conﬁned within
a 15 s time-scale. A similar trend was observed in the nocodaz-
ole-treated cells: the Dinst values decreased gradually from 0.059
to 0.011 lm2/s (blue line) and from 0.041 to 0.003 lm2/s (black
line) (Fig. 2C,middle panel). For latrunculin A-treated cells, the Dinst
Fig. 2. Quantitative analysis of channel mobility affected by cytoskeleton disruption. (A) Time-dependent MSD change of control or drug-treated cells. MSD vs. time plots of
QD-labeled BKCa channels are shown for vehicle- (black), nocodazole- (blue), and latrunculin A- treated cells (red). The time interval between images is 100 ms. (B) MSD
histograms at 15 s in vehicle- (ﬁrst row, black), nocodazole- (second row, blue), and latrunculin A-treated cells (third row, red) (n = 300 each). (C) Time-dependent changes in
Dinst. Dinst values were obtained every second and were plotted against time for vehicle- (ﬁrst row), nocodazole- (second row), and latrunculin A-treated cells (third row, red)
(n = 300 each). Two different populations of lower mobility are shown in the black and blue traces. A third population of higher mobility in latrunculin A-treated cells is
highlighted in red.
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plotted against time (Fig. 2C, bottom panel). In the high, intermedi-
ate, and lowmobility populations, the Dinst values declined steadilyand reached a zero value, from 0.152 to 0 lm2/s (red line), from
0.103 to 0 lm2/s (blue line), and from 0.087 to 0.002 lm2/s (black
line). These results demonstrate that all subpopulations of
S. Won et al. / FEBS Letters 585 (2011) 2323–2330 2327different mobilities, including the newly mobilized faster moving
channels by actin depolymerization, showed the characteristics
of ‘conﬁned diffusion’.
3.3. A single residue in the actin-binding motif affects the area of
restricted diffusion
An actin-binding motif, L-X-D-X-X-L, was identiﬁed previously
in the distal C-terminus of the BKCa channel a subunit and shown
to be critical for surface expression of the BKCa channel [11]. This
motif is located on the surface of the second RCK domain in recent
crystal structures of the channel (Fig. S3) [15,16]. In order to exam-
ine whether this actin-binding motif also is important for the
latrunculin A-dependent mobilization of BKCa channels, a single
mutation (AP-rSlo-L1048A) and a double mutation (AP-rSlo-
D1050A/L1053A) (Fig. 3A) were constructed. The ﬁrst Leu residue
(L1048) was shown to be essential for the binding of BKCa channels
to actin, while the rest of the sequence in the motif were not crit-
ical [11]. At ﬁrst, we tested whether the single and double mutants
could be expressed on the membrane surface, since the Ala substi-
tution of Leu1048 was reported to decrease the surface expression
of the channel drastically due to the reduced afﬁnity to actin [11].Fig. 3. Surface expression and functional analysis on mutant channels of actin-binding m
mutant channels, AP-rSlo-L1048A and AP-rSlo-D1050A/L1053A. Asterisk (⁄) indicates the
COS-7 cells expressing AP-rSlo, AP-rSlo-L1048A and AP-rSlo-D1050A/L1053A using QD
expressing AP-rSlo and GFP, AP-rSlo-L1048A and GFP, or AP-rSlo-D1050A/L1053A and GF
images are also shown (right column). Scale bar, 15 lm. C. Electrophysiological charac
current traces of AP-rSlo, AP-rSlo-L1048A and AP-rSlo-D1050A/L1053A are shown. Ion
100 mV to test potentials of 30, 60, and 90 mV. Intracellular Ca2+ concentration was bIn contrast to the previous results, COS-7 cells transfected with
either the single or double mutant were heavily labeled with
QDs in our system (>5 dots/100 lm2) (Fig. 3B). This labeling was
not markedly different from that of the wild-type AP-rSlo channel.
We then examined the ionic currents of the two mutant chan-
nels. Activated by both membrane depolarization and intracellular
Ca2+, the AP-rSlo-L1048A and AP-rSlo-D1050A/L1053A channels
evoked robust K+ currents in COS-7 cells (Fig. 3C). The activation
characteristics of the rSlo channels were affected selectively by
the single substitution of Leu1084 (Fig. S4-A). While the Ala substi-
tution of Leu1084 (AP-rSlo-L1048A) shifted the V1/2 of AP-rSlo by
67.6 mV towards the positive voltage, no signiﬁcant changes were
observed for the double substitution of Asp to Ala at 1050 and Leu
to Ala at 1053 (AP-rSlo-D1050A/L1053A) in terms of the V1/2 value
(Fig. S4-B).
Since both mutant channels were well-expressed on the
membrane surface and labeled effectively with QDs, the diffusion
characteristics of the mutant channels were investigated in detail
(Movie S5 and S6) together with the wild-type channel (Movie
S4). The trajectories of the wild-type and the mutant channels
were tracked for 15 s in 100 ms time-intervals (Fig. 4A).
While the movement of the QD-labeled double mutantsotif. (A) Schematic illustration of the wild-type channel, AP-rSlo, and two different
position Ala substitutions in the ‘actin-binding motif’ (red). (B) Speciﬁc labeling of
s. A plasmid harboring GFP was cotransfected to visualize the transfectants. Cells
P are shown in green (left column). QD605 is shown in red (center column). Merged
terization of AP-rSlo, AP-rSlo-L1048A and AP-rSlo-D1050A/L1053A. Representative
ic currents were evoked with 100 ms voltage steps from the holding potential of
uffered at 10 lM.
Fig. 4. Effects of mutations at actin-binding site on membrane mobility. (A) Trajectories of QD-labeled AP-rSlo, AP-rSlo-L1048A and AP-rSlo-D1050A/L1053A in COS-7 cells.
Fluorescence images of COS-7 cells transfected with AP-rSlo (left column), AP-rSlo-L1048A (center column) or AP-rSlo-D1050A/L1053A (right column) are shown at different
time-points (0, 5, 10, 15 s). Time-lapse trajectories of four different dots (arrowheads) are superimposed (green). (B) Time-dependent MSD plot and effects of latrunculin A. The
MSD vs. time plots of the wild-type AP-rSlo (left column), AP-rSlo-L1048A (center column), and AP-rSlo-D1050A/L1053A (right column) are shown before (solid line) and after
treatment with latrunculin A (dotted line). Time-interval between images is 100 ms. (C) MSD histograms and effects of latrunculin A. Distributions of MSD at 15 s are shown
for the wild-type AP-rSlo (left column), AP-rSlo-L1048A (center column), and AP-rSlo-D1050A/L1053A (right column) (n = 300 each). Effects of latrunculin A before (upper
panels) and after treatment (lower panels) are shown.
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highly conﬁned in COS-7 cells (Fig. 4A right column) similar to
the wild-type channels (Fig. 4A left column), some dots in the cells
transfected with AP-rSlo-L1048A showed movements in signiﬁ-cantly wider areas (Fig. 4A, center column, ﬁlled arrowheads).
Quantitative analysis revealed that the membrane dynamics of
AP-rSlo-L1048A was different from that of the wild-type channel
(Table S1). As shown in the MSD vs. time plot (Fig. 4B, center panel,
S. Won et al. / FEBS Letters 585 (2011) 2323–2330 2329solid line), the diffusion of AP-rSlo-L1048A increased 1.5-fold (Di-
nit = 0.082 lm2/s) and the area of conﬁnement was enlarged by
approximately 1.4-fold (2.555 lm2) compared to the AP-rSlo chan-
nel (Fig. 4B, left panel, solid line).
Moreover, the MSD histogram of AP-rSlo-L1048A was not ﬁtted
well with two Gaussian functions, and a third and faster popula-
tion was evident with three peaks at 0.754 (34.3%), 1.457
(34.3%), and 4.062 lm2/s (31.4%) (Fig. 4C, upper center panel).
Intriguingly, the emergence of the fast population resembled the
treatment with latrunculin A (Fig. 2A and B). To verify whether
the Leu-to-Ala substitution precluded the effects of latrunculin A,
cells transfected with AP-rSlo-L1048A were treated with an identi-
cal concentration of the drug. Three populations [0.871 (43.8%),
1.992 (22.7%), and 4.108 lm2 (33.5%)] were maintained with only
slight changes in the position and area of the peaks (Fig. 4C, bottom
center panel). Only a 1.2-fold increase in the conﬁnement area
(3.065 lm2) and a 1.1-fold increase in Dinit (0.092 lm2/s) were ob-
served after latrunculin A treatment (Fig. 4B, center panel, dotted
line).
In contrast, the double mutant AP-rSlo-D1050A/L1053A exhib-
ited only small differences in diffusion characteristics compared
with the wild-type (Table S1). In the MSD vs. time plot, Dinit and
the asymptote were estimated as 1.606 and 0.044 lm2/s, respec-
tively (corresponding to 1.1- and 1.2-fold decreases, respectively)
(Fig. 4B, right panel, solid line). The MSD histogram of AP-rSlo-
D1050A/L1053A showed two populations, with peaks at 0.709
(50%) and 1.824 lm2 (50%) (Fig. 4C, upper right panel), similar to
that of the wild-type. Treatment with latrunculin A signiﬁcantly in-
creased both Dini and the asymptote of the MSD vs. time plot
(2.789 lm2 and 0.085 lm2/s, respectively) (Fig. 4B, right panel, dot-
ted line). Three different populations of movements were apparent,
with peaks at 0.777 (37.8%), 1.862 (25.9%), and 4.223 (36.3%) lm2
(Fig. 4C, lower right panel, Table S1).
Taken together, these results indicate that a single amino-acid
residue, Leu1084, of the actin-binding motif of the BKCa channel
a subunit plays critical roles in restricting the lateral diffusion of
the channel in an actin-dependent fashion.
4. Discussion
Intrigued by our previous results showing the highly conﬁned
nature of the BKCa channel diffusion in COS-7 cells [5], we investi-
gated the roles of cytoskeletal components on the membrane
dynamics of the channel. Disruption of F-actin signiﬁcantly in-
creased the mobility of BKCa channels by recruiting a population
of faster moving channels (Fig. 2B and Table S1). Although the area
of conﬁnement was signiﬁcantly increased upon actin depolymer-
ization, the membrane diffusion was remained to be conﬁned
(Fig. 2).
Because the lateral diffusion of membrane proteins can be con-
ﬁned by several different mechanisms, we attempted to identify
the domain(s) critical for the conﬁned nature of BKCa channel dif-
fusion. The two different point mutants in the actin-binding motif
(AP-rSlo-L1048A and AP-rSlo-D1050A/L1053A) were expressed ro-
bustly on the cell surface (Fig. 3B). Inconsistent with a previous re-
port that the ﬁrst Leu was critical for surface expression of the
channel [11], the mutant channel with an Ala substitution at this
residue, AP-rSlo-L1048A, evoked macroscopic currents comparable
to those of the wild-type channels in our study (Fig. 3C). Although
it is not clear at this point what caused this discrepancy, there are
several differences between our present study and the previous re-
port. While rat Slo tagged at its N-terminus with AP was expressed
in COS-7 cells in this study, N-terminal Myc-tagged mouse Slo was
expressed in HEK293T cells in the previous study [11]. In addition,
the C-terminus of the rSlo isoform used in this study ends withEMVYR which is different from that of the isoform used previously,
which ends with QEERL [11].
Most importantly, a single mutation in the actin-binding motif,
L1048A, altered the membrane dynamics of the BKCa channels in a
manner very similar to the pharmacological depolymerization of
actin ﬁlaments. The membrane mobility was increased by generat-
ing faster-moving channel populations. The conﬁned nature of
membrane mobility remained, but with a larger area of diffusion
(Fig. 4). In addition, the results of latrunculin A treatment were less
dramatic than those seen in wild-type channels. These results indi-
cate that the aforementioned effects of actin depolymerization are
due mainly to the disruption of the direct interaction between the
channel and the actin ﬁlament, rather than to a decrease in the
molecular crowding of other membrane proteins [17] or to a dis-
turbance of the membrane corrals attached to actin cytoskeleton
[18]. It remains to be seen whether other mechanisms are involved
in the heterogeneous nature of the membrane dynamics of BKCa
channels. The causes of the conﬁned nature of the diffusion also re-
main unclear. One possible mechanismmay involve the membrane
microdomains (e.g., lipid rafts), which are known to be associated
with BKCa channels [19,20].
In summary, our results indicate that more than a single popu-
lation of BKCa channels is present in the COS-7 cell membrane.
Some BKCa channels interact with the actin cytoskeleton via the
‘actin-binding motif’ in the RCK2 domain. Disruption of the direct
interaction between the BKCa channel and actin appears to mobi-
lize highly conﬁned channels and enlarge their diffusion areas.
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